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ABSTRACT

Objectives: Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy, yet the optimal use
of nerve conduction studies (NCS) in its diagnosis remains debated. This study examines the diagnostic yield of
NCS and its correlation with clinical features in patients with suspected CTS.

Materials & Methods: A retrospective cross-sectional analysis was conducted on 201 patients referred for NCS
due to CTS symptoms. Demographic data, symptom profiles, physical examination findings (Tinel’s sign,
Phalen’s maneuver), and NCS results were analyzed. Diagnostic accuracy measures were calculated, and
associations between clinical variables and NCS-confirmed CTS were assessed using chi-square tests.

Results: NCS confirmed CTS in 65.2% (n=131) of patients. Bilateral symptoms (81 confirmed vs. 27 not
confirmed, x?=9.97, p=0.007), nocturnal exacerbation (70 confirmed vs. 15 not confirmed, x*=27.64, p<0.001),
and positive Phalen’s maneuver (100 confirmed vs. 28 not confirmed, x?=26.04, p<0.001) were strongly
associated with NCS positivity. Severe numbness (p<0.001) and pain (p<0.001) also correlated with NCS
confirmation, while comorbidities showed no significant association (p=0.396).

Conclusions: NCS is most useful in patients with bilateral symptoms, nocturnal pain, and positive physical exam
signs, supporting a selective approach to its use. However, its limited sensitivity in early-stage CTS highlights
the need for integrated clinical and electrophysiological assessment. Future research should explore NCS's
predictive value for treatment outcomes in longitudinal studies.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most
prevalent entrapment neuropathy, affecting an
estimated 3 - 6% of adults worldwide, with
significant implications for quality of life and
occupational function.! The condition arises from
compression of the median nerve at the wrist,
typically manifesting as pain, paresthesia, and
weakness in the distribution of the median nerve.?
While clinical diagnosis based on characteristic
symptoms and physical examination maneuvers,
such as Tinel's sign and Phalen's test, remains
fundamental, the role of nerve conduction studies
(NCS) in confirming the diagnosis continues to be
a subject of considerable debate among clinicians
and researchers® NCS provides objective
electrophysiological data regarding median nerve
dysfunction, offering quantifiable measures of
nerve conduction velocity and amplitude that can
corroborate  clinical  suspicions*  However,
questions persist regarding the necessity of
routine NCS in typical cases, its cost-effectiveness,
and its ability to accurately reflect clinical severity,
particularly given reports of discordance between
symptom burden and electrophysiological
findings.

The latest updates on CTS diagnosis issues
recognize that NCS has notable specificity, but its
sensitivity in early or mild cases, where nerve injury
that would not show external structural damage is
likely limited, is a clinical paradox regarding the
role of NCS in practice.® Should NCS be done only
in atypical, non-CT syndrome cases or in patients
ready for operation, or does it provide enough
valuable insight that tests must be done in all
patients suspected to have the condition? Also,
primary unexplained worry relates the NCS
abnormal findings to the resultant management
and how those parameters predict the response to
both conservative and surgical decompressing
approaches.”  Triangulating these questions
requires more than what has been provided in the
literature; hence, this is what we aim to satisfy in
this study by analyzing the clinical history and
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narrative, NCS findings, as well as the subsequent
reasoning and the multi-dimensional intervention
applied to a large group of patients.®?

Apart from its diagnostic implications, the
application of NCS within the context of CTS has
broader healthcare system concerns, including
costs and the potential for overuse in
uncomplicated clinical scenarios.”® As more
stakeholders are conservative on spending in
healthcare shift towards value-based care, it
becomes important to scrutinize the role of NCS in
the CTS diagnostic pathway."" Thus, this study aims
to understand the patterns of NCS utilization
concerning its diagnostic yield, influence on
clinical decision-making, and management to
illustrate these essential relationships to help
clinicians strike an optimal trade-off between the
benefits of NCS as a CTS objective electro-
physiological confirmation and the NCS-guided
management complexity for CTS.'? While the
results could assist CTS specialists toward a more
sophisticated evidence-based approach to
diagnosis and management, they could also help
in developing guidelines by providing stronger
suggestions on the population that would benefit
most from NCS evaluation and subsequent
alterations to the treatment plan based on the
findings."

In this investigation, we utilize an intact dataset
that captures the CTS presentation heterogeneity
encompassing the multisystem  chronically
persistent symptomology and its associated
comorbid conditions.' This enables us to
evaluate how the performance features of different
NCS tests may vary across distinct patient
subgroups, potentially identifying certain
subpopulations where the tests are especially
practical or conversely where they offer minimal
additional value beyond comprehensive clinical
assessment.'®'” In addition, we assess the
correlation of NCS results with some clinical
parameters such as symptoms occurring
nocturnally, laterality with hand usage, and
occupational hazard exposure which could further
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illuminate some pathophysiological processes of
CTS and refine the diagnosis at the same time."
Ultimately, this aims to integrate clinical pathways
and formulate precise, tailored strategies for a
common, yet life-altering, disabling condition
through advanced integrated multidisciplinary
approaches that incorporate clinical decision-
making workflows alongside electrophysiological
data tailored to underlying physio-pathological
mechanisms."??°

MATERIALS AND METHODS

Study Design, Duration, Setting, and
Ethical Considerations

This retrospective cross-sectional study analyzed
clinical and electrophysiological data from 201
patients evaluated for suspected carpal tunnel
syndrome (CTS) at a tertiary care neurophysiology
clinic between January 2023 and December 2023
at Lady Reading Hospital, Peshawar. The study
protocol was approved by the Institutional Review
Board (546/LRH/MTI), and patient consent was
waived for this anonymized retrospective analysis.

Sampling Technique, Inclusion and
Exclusion Criteria

Consecutive patients referred for nerve conduction
studies (NCS) with symptoms suggestive of CTS
(nocturnal hand paresthesia, thumb/index/middle
finger numbness, or weakness) were included.
Exclusion criteria comprised prior carpal tunnel
release  surgery,  polyneuropathy,  cervical
radiculopathy, or incomplete clinical data.

Data Collection Procedure

Demographic variables (age, sex, marital status),
clinical features (symptom duration, laterality,
aggravating factors), physical examination findings
(Tinel's sign, Phalen's maneuver), and
comorbidities  (diabetes, pregnancy, thyroid
disorders) were extracted from electronic medical
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records using a standardized collection form. All
NCS were performed by certified technicians using
a Nihon Kohden Neuropack X1 EMG system
(Tokyo, Japan) following AANEM guidelines.
Median motor studies recorded compound muscle
action potentials (CMAP) from the abductor
pollicis brevis with wrist stimulation (8 cm
distance). Sensory nerve action potentials (SNAP)
were obtained through antidromic stimulation of
the median nerve at the wrist (14 cm to digit II).
Comparative studies included ulnar sensory (digit
V) and radial sensory (snuffbox) recordings when
needed. Diagnostic criteria for CTS required either:
Median sensory distal latency >3.5 ms, median-
ulnar sensory latency difference >0.5 ms, and
median motor distal latency >4.2 ms. Severity was
graded as mild (prolonged sensory latency only),
moderate (abnormal sensory and motor latencies),
or severe (absent sensory responses or CMAP
amplitude <5 mV).

Data Analysis

Data were analyzed using SPSS v28 (IBM Corp).
Continuous variables (age, symptom duration)
were reported as mean+SD and compared using
Student's t-test. Categorical variables (physical
exam signs, NCS severity) were analyzed with chi-
square or Fisher's exact tests. Diagnostic accuracy
measures (sensitivity, specificity) were calculated
against the final clinician diagnosis. Multivariate
logistic  regression identified independent
predictors of NCS-confirmed CTS, with p<0.05
considered significant.

RESULTS

Sociodemographic and Clinical
Characteristics

Table 1 presents the comprehensive demographic
profile of patients referred for diagnostic
evaluation of carpal tunnel syndrome (CTS) using
nerve conduction studies (NCS). The cohort
demonstrates several notable characteristics that
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may influence CTS presentation and diagnostic
outcomes. Females constituted the overwhelming
majority (83.6%, n=168) of the study population,
reflecting the well-documented gender disparity in
CTS epidemiology. Age distribution revealed a
predominance of working-age adults, with
patients aged 31-40 years representing the largest
subgroup (30.4%, n=61), followed by those aged
21-30 years (22.4%, n=45) and 41-50 years (20.9%,
n=42). The marital status distribution showed a
substantial proportion of unmarried individuals
(82.6%, n=166), which may have implications for
occupational  exposures and  help-seeking
behaviors. Handedness data indicated right-hand
dominance in 84.6% (n=170) of participants, a
factor potentially relevant to  symptom
lateralization and severity, given the association
between handedness and repetitive hand use
patterns. The age and gender distribution aligns
with established CTS risk profiles, while the marital
status

status and handedness data provide additional
context for understanding the study population's
characteristics.

Table 1: Baseline Sociodemographic and Clinical
Characteristics of Patients Undergoing Nerve Conduction
Studies for Suspected Carpal Tunnel Syndrome (N=201).
Variable Details Frequency %
31-40 Years 61 30.35%
21-30 Years 45 22.39%
41-50 Years 42 20.9%
Age
51-60 Years 27 13.43%
<20 Years 17 8.46%
>61 Years 9 4.48%
Gender Female 168 83.58%
Male 33 16.42%
Marital Unmarried 166 82.59%
Status Married 35 17.41%
Dominant Right Hand 170 84.58%
Hand Left Hand 31 15.42%

Examination Findings and Diagnostic
Outcomes of Patients
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Table 2 provides a comprehensive overview of the
clinical  characteristics, physical examination
findings, and diagnostic outcomes of patients
undergoing evaluation for carpal tunnel syndrome
(CTS). The data reveal several important patterns in
symptom presentation and diagnostic
confirmation. Bilateral hand involvement was
reported by the majority of patients (53.7%,
n=108), suggesting potentially advanced or severe
cases in this cohort. Sensory symptoms were nearly
universal, with 95% (n=191) reporting some
degree of numbness or tingling, including 38.3%
(n=77) describing severe symptoms. Pain
complaints followed a similar pattern, with 45.8%
(n=92) reporting severe pain and only 8% (n=16)
denying pain symptoms. Notably, weakness was
absent in 41.8% (n=84) of cases, while 9.5% (n=19)
reported severe weakness. Aggravating factors
were dominated by repetitive movements (45.3%,
n=91) and nocturnal symptoms (42.3%, n=85).
Comorbid conditions were present in 28.4% of
patients, with diabetes (12.9%, n=26) and
pregnancy (8.5%, n=17) being most common.
Physical examination revealed positive Tinel's sign
in 51.2% (n=103) and positive Phalen's maneuver
in 63.7% (n=128) of cases. Nerve conduction
studies confirmed CTS in 65.2% (n=131) of patients
referred for evaluation.

Clinical Variables and NCS-Confirmed
Carpal Tunnel Syndrome Diagnosis

Table 3 presents the results of chi-square analyses
examining the relationship between clinical
characteristics and NCS-confirmed CTS diagnosis.
Several key findings emerge from these analyses.
Bilateral hand involvement was significantly
associated with NCS confirmation (81 confirmed
vs. 27 not confirmed, x*=9.97, p=0.007), while
unilateral symptoms showed less diagnostic
certainty. Symptom severity demonstrated strong
associations, with moderate-to-severe numbness/
tingling (p<0.001) and pain (p<0.001) being more
prevalent in confirmed cases. Notably, nocturnal
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symptom exacerbation showed the strongest
association with NCS confirmation (70 confirmed

Syndrome (N=201).
Variable

Which hand is primarily affected by the
symptoms?

Feeling of numbness or tingling in the thumb,
index, middle, or ring finger?

Pain or discomfort in the thumb, index, middle, or
ring finger?

Weakness in the affected hand or fingers?

Does your hand or wrist pain worsen?

Repetitive hand movement (typing, using a mouse,
or others) in daily life?

Any medical condition (Pregnancy, Previous hand
or wrist injury, Diabetes, Hypothyroidism,
Rheumatoid Arthritis, etc) other? (Please specify).

Tinel's sign during physical examination?

Phalen's maneuver sign during physical
examination?

Diagnosis of Carpal Tunnel Syndrome on NCS?

Table 2: Clinical Presentation, Examination Findings, and Diagnostic Outcomes of Patients Evaluated for Carpal Tunnel

Details Frequency %
Both 108 53.73%
Right 55 27.36%
Left 38 18.91%
Severe 77 38.31%
Moderate 60 29.85%
Mild 54 26.87%
No Symptoms 10 4.98%
Severe 92 45.77%
Moderate 51 25.37%
Mild 42 20.9%
No Symptoms 16 7.96%
No symptoms 84 41.79%
Mild 63 31.34%
Moderate 35 17.41%
Severe 19 9.45%
With repetitive hand movement 91 45.27%
At night 85 42.29%
None 25 12.44%
Less 86 42.79%
More 77 38.31%
None 38 18.91%
None 144 71.64%
Diabetes 26 12.94%
Pregnancy 17 8.46%
Rheumatoid Arthritis 4 1.99%
Blood Pressure 4 1.99%
Thyroid 1 0.5%
High uric acid 1 0.5%
Jaundice 1 0.5%
Weakness 1 0.5%
Hand writing 1 0.5%
Wrist Injury 1 0.5%
Positive 103 51.24%
Negative 98 48.76%
Positive 128 63.68%
Negative 73 36.32%
Confirmed 131 65.17%
Not Confirmed 70 34.83%

vs. 15 not confirmed, x?=27.64, p<0.001), while
pain aggravated by repetitive movement showed
less discriminative value. Physical examination
signs proved valuable, with Phalen's maneuver
showing particularly strong predictive value (100
confirmed vs. 28 not confirmed, x*=26.04,
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p<0.001). Comorbid conditions collectively did not
reach statistical significance (p=0.396), though
diabetes showed a notable trend (20 confirmed vs.
6 not confirmed).
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DISCUSSION

The findings of this study provide valuable insights
into the role of nerve conduction studies (NCS) in
diagnosing carpal tunnel syndrome (CTS) and

Table 3: Association Between Clinical Variables and NCS-Confirmed Carpal Tunnel Syndrome Diagnosis (N=201).

Diagnosis of Carpal Tunnel Test
Variables Details Syndrome on NCS? Value
Confirmed Not Confirmed (P-Value)
Which hand is primarily affected by Bf)th 81 27 9.97
the symptoms? Right 30 25 (0.007)
Left 20 18
Mild 25 29
Feeling of numbness or tingling in the  Moderate 48 12 30.36
thumb, index, middle, or ring finger? Severe 57 20 (<0.001)
No Symptoms 1 9
Mild 20 22
Pain or discomfort in the thumb, Moderate 40 11 19.51
index, middle, or ring finger? Severe 66 26 (<0.001)
No Symptoms 5 11
Moderate 29 6
Weakness in the affected hand or Mild 43 20 12.73
fingers? No symptoms 44 40 (.005)
Severe 15 4
At night 70 15 27.64
Does your hand or wrist pain worsen?  With repetitive hand movement 54 37 )
(<0.001)
None 7 18
Repetitive hand movement (typing, Less 49 37 6.11
using a mouse, or others) in daily life? None 24 14 (0.047)
' More 58 19
None 90 54
Thyroid 1 0
Diabetes 20 6
Any medical condition (Pregnancy, Pr.egnar)cy . 10 i
. . . High uric acid 0 1
Previous hand or wrist injury, Diabetes, Jaundice 0 1 10.52
Hypothyroidism, Rheumatoid Arthritis, (-396)
etc) other? (Please specify). Weaknes.s. ! 0
Hand writing 1 0
Rheumatoid Arthritis 3 1
Blood Pressure 4 0
Wrist Injury 1 0
Tinel's sign during physical Positive 78 25 10.37
examination? Negative 53 45 (0.001)
Phalen's maneuver sign during Positive 100 28 26.04
physical examination? Negative 31 42 (<0.001)

highlight the associations between clinical they expand understanding about the clinical
characteristics and electrophysiological  applications of NCS, especially in diagnostics.

confirmation. The findings corroborate the In our investigation, NCS confirmed CTS in
previously published studies, but at the same time,  65.2% of patients referred for evaluation, which
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underscores the test's usefulness as a diagnostic
tool. The significant association between bilateral
symptoms and NCS confirmation (x?=9.97,
p=0.007) supports the notion that bilateral
involvement tends to reflect greater disease
severity, aligning with previous studies.”’
Furthermore, the pronounced association linking
nocturnal symptoms with NCS positivity (x*=27.64,
p<0.001) strengthens the clinical importance of
this symptom, given that it has been characterized
as pathognomonic of CTS.?® The results of the
physical exam, especially Phalen’s maneuver
(x°=26.04, p<0.001) and Tinel's sign (x°=10.37,
p=0.001), have great predictive value for CTS
confirmed by NCS. This reinforces their clinical
value as longitudinal screening tools, as Jablecki
et al, (2002) advocated for using integrated clinical
evaluation alongside physiologic tests for reliable
diagnosis.?®

While NCS demonstrated high specificity in our
cohort, its sensitivity may be limited in early or mild
cases, as evidenced by the 34.8% of patients with
clinical symptoms but negative NCS results. This
finding aligns with studies by Werner and Andary
(2011), who noted that NCS might miss early-stage
CTS due to insufficient nerve damage for
electrophysiological detection. Our results suggest
that NCS should be reserved for cases where
clinical diagnosis is uncertain or when surgical
intervention is being considered, rather than as a
routine screening tool 242

The severity of sensory symptoms (numbness,
tingling) and pain showed a significant association
with NCS confirmation (p<0.001), supporting the
notion that more pronounced symptoms correlate
with measurable nerve dysfunction. However, the
absence of weakness in 41.8% of cases, even
among NCS-confirmed patients, indicates that
weakness may not be a reliable indicator of CTS
severity, a finding consistent with the work of
Graham et al, (2006).%’

Although comorbidities such as diabetes and
pregnancy were present in a subset of patients,
they did not significantly influence NCS outcomes
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(p=0.396). This contrasts with some previous
studies (Perkins et al, 2012), which suggested that
metabolic  conditions like diabetes could
exacerbate CTS. The lack of statistical significance
in our study may reflect the smaller sample size of
comorbid patients or differences in disease
progression.?® 2° This aligns with value-based care
principles, reducing unnecessary testing while
ensuring diagnostic accuracy for high-risk cases.
Future guidelines should consider these factors
when recommending NCS, as proposed by the
American Academy of Neurology (AAN) in their
2016 practice guidelines.” *°

Study Limitations

This study has several limitations, including its
retrospective design and single-center
recruitment, which may limit generalizability.
Additionally, the lack of long-term follow-up data
prevents assessment of how NCS findings
correlate with treatment outcomes, an area
requiring further investigation.

CONCLUSION

In cases of CTS with bilateral symptoms, nocturnal
pain, and pertinent clinical signs, NCS is still useful
and at times, essential to CTS confirmation.
However, as with any diagnostic tool, the NCS has
clear shortcomings in the early phases of the
disease, which underscores the necessity for a
well-rounded diagnosis involving its various
clinical and selective electrophysiological
components. Further studies are needed to
investigate predictive aspects of NCS relative to
CTS treatment outcomes and optimize its
application within CTS frameworks.

Future Recommendations

Further research should include longitudinal
designs to assess how findings from NCS correlate
with long-term outcomes of treatment, both
conservative  management  and surgical
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decompression. Also, multicenter studies with
larger and more diverse cohorts are necessary to
strengthen the generalizability of our conclusions

and
recommendations for the use of NCS

the evidence-based

in the

improve

diagnosis of CTS.
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